Introduction
The continuous demand for higher productivity indices in the global competitive world has led to a fast decrease of the available natural resources and, at the same time, to the generation of a high volume of rejects or sub-products, most of them not directly recyclable.
The final report of the First National Conference on the Environment, 2003, emphasized the need for development of policies for environmental control and of restoration of the physical and biotic of the areas impacted by mining activities, encouraging the reuse, recycling and waste recovery and waste from mining (Neves et al., 2010) .
Mineral extraction itself is a good example of reject production. Therefore, alternatives for recycling and/or reuse should be investigated and, where possible put into practice, since the waste is turned into serious problems with urban managing a complex and costly, considering the volume and mass uptake.
Mineral extraction and processing of kaolin is an example of generating a large volume of waste, such as kaolin ore and "industrial mineral" has many uses because of their color, low grain, low abrasiveness, chemical stability, specific form of constituent particles of clay minerals in addition to the specific rheological properties, appropriate in different fluid media (Lima, 2001; Almeida, 2006; Santana et al. 2007; Brasileiro, 2010) . Thus, the kaolin is an industrial mineral that has its properties in the expansion of its use, and having as an ally of its low cost compared to most competing materials (Silva, 2001 ). Worldwide use is spread across various industrial sectors with emphasis on the paper (covering and filling) that consumes 45%, followed by ceramics (porcelain, white ceramic and refractory materials) 31% and the remaining 24% divided between ink , rubber, plastics and other (IBRAM, 2008) .
In general, the mining of kaolin causes effects unwanted range that can be called externalities. These residues are in general, discharged on the environment, contaminating the ground and affecting the health of the population in the proximity of the producing regions. Some of these externalities: environmental change, land use conflicts, depreciation of surrounding properties, generation of degraded areas and urban traffic disturbances.
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These externalities generate conflicts with the community, which usually originate when the implementation of the project because the developer was not informed about the expectations, desires and concerns of the community living near the mining company.
In this way, it comes growing the concern of environmentalist with the great amount of wastes produced in the kaolin industry. The main problems relate to the amount of waste generated and air pollution. The kaolin waste generated are simply piled up on land companies for processing, thus occupying a large volume. As the waste disposal sites are not correct, when dried, turn to dust and the wind, spread, polluting the air, roads, streams, etc.. Figures 1 and 2 show the site of deposition of the residue from kaolin, a company located in Paraiba, Brazil, after its recovery as well as the location is not suitable for deposition of the same, which is close to villages and rivers, respectively. Worldwide, millions of tons of kaolin waste, estimated at around 80% to 90% of the gross volume exploited, are produced each day in mining and mineral beneficiation.
One of aggravating of the kaolin residue deposit is that there is no exploitation, the waste is cumulative and cannot predict the future effects, since each batch received, twice its volume www.intechopen.com
The Kaolin Residue and Its Use for Production of Mullite Bodies 119 of waste is generated (SUDEMA, 2004) . Another problem of this waste is that it is highly powdery, and its inhalation may cause lung disease and the skin contact causing dermatitis (Sakamoto, 2003) .
The insertion of kaolin residue in the production cycle should represent an alternative option to recover these materials, which is interesting both in the environmental and health of the population next, as in economics. Recycling and reuse of kaolin residue are among the main alternatives in the quest for sustainable development, which aims to enable the economy of non-renewable raw materials and of energy, reducing the environmental impacts of waste in modern society.
The search for sustainable development makes the insertion of kaolin residue processing becomes the purposes of study in various areas of knowledge (Silva et al. 2001; Rocha, 2005 , Menezes et al., 2007a , 2007b , 2007c Resende, 2007) , searching to minimize or even solve the environmental damage caused by these materials, either by optimization of the scanning method and storage or either by presentation of alternative re-use of waste as alternative raw material in various sectors.
As the processes of industrial processing, provide special features the kaolin for use in various industries, this means that the kaolin residue, has qualities that may be recycled or reused as a raw material for obtaining ceramic products.
The ceramic industry has demonstrated great potential for reuse of inorganic waste (Andreoli et al., 2002) . The incorporation of waste from various industrial activities in ceramic products is an alternative technology to reduce environmental impacts and human adverse health effects caused by indiscriminate disposal of waste in nature (Özel et al. 2006; Pinatti et al, 2005) .
Thus, the overall objective of this study was to investigate the viability of residual kaolin as an alternative raw material in obtaining mullite. Within this context, research will Facilitate the development of a technology practically nonexistent in Brazil and the world, which uses an alternative precursor, kaolin waste, which an alternative envisions the process with great potential for the synthesis of mullite. This would have positive social and economic consequences, both for generating industry of waste as for absorber industry, may promote a promising partnership between the privileged position of mullite, both domestically and abroad, and using waste as a raw material valued.
Potential of kaolin residue as secondary raw materials
The kaolin are those found in the place that formed by the action of weathering or hydrothermal action on rocks. The processing of this type of kaolin generates two types of waste. The waste first, generated by the wet process, which contains silica and others contaminants, resulting in amounts close to 70% by volume. The total volume of waste is very significant, since the improvement process has a yield of 30% of the total extracted from the deposit, ie, for each ton of raw material, less than one-third is taken advantage (these are the private data region, which can vary widely). The residue second is derived from the beneficiation of kaolin, separated in the previous step (about 30%), underwent screening in ABNT Nº 200 mesh (0.074 mm). The material retained in the screening, called sludge, is the second residue, which was used in this study. This residue from processing of Sustainable DevelopmentEnergy, Engineering and Technologies -Manufacturing and Environment 120 kaolin consists of minerals mica, quartz and feldspar, there is also the presence of kaolinite fraction whose amount is reduced depeding chiefly on the beneficiation process. The main product after sintering of kaolinite at high temperatures is the mullite ( Lima et al., 2001; Chen et al., 2000) . The ceramic products of kaolinitic have desirable properties of hardness, translucency and strength development of the mullite crystals, regardless of the effect, their number and their size and shape. The kaolin waste have appropriate characteristics so that may be used for making alumina-silica refractory materials, as they have in their composition the kaolinite as principal clay mineral, which when subjected to high temperatures produces mullite.
The high prices of materials ceramic of mullite base, cause there is a need to use alternative materials that are environmentally, low cost and with local availability.
Thus, there is increasingly a constant search by the various industries and economic development activities coupled with environmental preservation. In order to take advantage of the kaolin residue in the many sectors involved in the ceramic industry, several studies have been developed in recent decades. Among them can mention: Flores & Neves (1997) , concluded that the methodology of alumina production through the use of tailings from the processing of kaolin is technically feasible, according to the parameters for the roasting, leaching and neutralization / crystallization adopted in his research.  Miranda et al., (2000) studied the use of kaolin waste from industry benefited, with a view to the application as ceramic raw materials. Becoming evident that the possibility of using waste as raw material ceramic.  Rocha (2005) studied the incorporation of the kaolin residue in the traces of mortar to be employed in construction activities. The results showed that traces of mortar containing kaolin residue are within the norms of ABNT, effecting thereby the feasibility of using this waste.  Lima (2005) studied the potential of kaolin residue for use in plain concrete blocks with no structural function. The values of strength and absorption, obtained in all molded with the kaolin residue, are in accordance with the ABNT NBR NBR 7184/91 and 1211/91 respectively, thus demonstrating the feasibility of using the kaolin residue.  Neves et al. (2006) studied the incorporation of the kaolin residue in ceramic bodies aiming at its use in the production of blocks for construction. The results showed the use of waste as raw material for production of ceramic blocks.  Andrade et al. (2009) , in their studies, feature and studied the processing of the waste from the benefit of kaolin industry with addition of plastic clay in formulations for ceramic tiles. Preliminary results showed that the residue studied can be considered as raw material of great potential for industrial floors and ceramic tile. Because it is rare and almost nonexistent in nature, due to training conditions, ie high temperatures and low pressures (Schneider et al. 2008; Schneider & Komarneni, 2005 , Vieira et al., 2007 , present deposits are not enough to supply a growing market due to new applications found (Monteiro et al., 2004 ).


Using kaolin waste as raw material for obtaining mullite
The mullite is perhaps one of the most important stages in both the traditional and advanced ceramics (Schneider et al. 2008; Juettner et al. 2007; Sola et al. 2006; Mazdiyasni et al., 1983) . The exceptional scientific and technical importance of mullite can be explained on the basis of their characteristics, to be a stable crystalline phase from room temperature up to about 1880 C at atmospheric pressure (Mileiko et al. 2009; Esharghawi et al. 2009; Schneider et al., 2008 , Skoog et al., 1988 , have in their properties the main reason for your application, such as low thermal expansion (20 / 200 C = 4 x 10 -6 K -1 ), low conductivity thermal (k = 2.0 Wm -1 K -1 ), low density (3.17 g/cm 3 ), low dielectric constant ( = 6.5 at 1 MHz), excellent wear resistance and high resistance at temperatures suitable for use (Esharghawi et al. 2009; Schneider & Komarneni, 2005; Schneider, 1994; Meng et al. 1983; Bartscher et al. 1999; Viswabaskaran et al., 2003) , and the fact that the raw materials for its production (eg alumina, silica, aluminum silicates, sheet silicates rich in Al 2 O 3 , clays, etc.) are widely found in nature (Schneider et al., 2008) .
Various routes like sol-gel, co-precipitation, hydrothermal processes and procedures for chemical vapor deposition and sintering are already used for the synthesis of this mineral. However, these typically use chemical precursors and high temperatures.
The number of studies showing the important methods for obtaining mullite, has been growing in recent years. The composition, purity of reagents, the synthesis processes used dictate the properties of all ceramic materials. Therefore, the choice of a certain synthesis process of mullite is a key step to obtain mullite with desired properties and applications. In order to reduce production costs, it is necessary, the use of precursors more economically viable, highlighting the potential kaolin waste for this function.
Studies conducted by our research group (Menezes et al., 2009a (Menezes et al., , 2009b Brasileiro et al. 2006 Brasileiro et al. , 2008 Santana et al., 2007) aimed at recycling the waste from the processing of kaolin, showed that the kaolin residue has high levels of SiO 2 and Al 2 O 3 , especially as a material of great potential for obtaining bodies that have properties for use in advanced ceramics, can be incorporated in ceramic formulations to obtain mullite.
This causes a secondary material to become a precursor suitable for obtaining a material that finds wide range of applications in conventional ceramics (porcelain, pottery, refractories, etc.) and advanced.
In general, it is necessary to observe the compositional variability of the kaolin residue with the quality of processing. Thus, each residue will have different potential for the synthesis, so that if the process is very efficient, or improved, there will be a reduction in the content of kaolinite, which likely will reduce the ability to produce mullite.
Methodology used 4.1 Processing of kaolin residue
The kaolin residue used in the development of the research was a result of primary processing of kaolin, extracted from the Borborema pegmatitic plain, located in the municipality of Juazeirinho-Paraíba -Brazil and donated by CAULISA Industry S/A.
www.intechopen.com
Sustainable DevelopmentEnergy, Engineering and Technologies -Manufacturing and Environment
122
This kaolin residue was dried at a temperature of 110 ° C for 24 hours until constant weight. Soon after, was mill a unbundle type and climbs past ABNT Nº 100 (0.15 mm) then stored in plastic bags. According to Castro (2008) , made an analysis of the results with all parameters of the material leached and dissolved, the residue from the beneficiation of kaolin, indicate that they are below the standardized (ABNT NBR 10004 (2004)), which fits this residue as type B class II waste -inert waste.
A small amount of residue powder kaolin, sieved in ABNT Nº 200 (0.074 mm), was pressed in cylindrical shape, so this required by the equipment used in research. The sample of the kaolin residue, was analyzed by XRF in Shimadzu (EDX-900) thus determining its chemical composition (Table 1) . Chemical analysis provides key data of great scientific and industrial use, although not a full evaluation of the mineralogical composition and physico-chemical and technological. The residue also sifted through sieve Nº 200 ABNT (0.074 mm), was submitted to phase identification, carried out by X-ray diffraction, using an apparatus manufactured by Shimadzu, model XRD-6000 with CuKα radiation (40kV/40mA) at a speed of 2°/min from 15° to 60°.
Formulation of compositions for obtaining specimens
Being a careful and complex step in the production process of ceramic materials, the formulation of ceramic masses requires a prior knowledge of the raw materials that will be employed, seeking to establish a proper ratio of chemical raw materials for that particular phase is obtained. At this stage, took into account the chemical analysis of Alumina A1000SG, courtesy company Alcoa Industrial Chemicals Division, USA. The formulations (Table 2 ) of the ceramic bodies was performed with the aid of the REFORMIX 2.0, DEVELOPED BY THE Federal University of São Carlos -São Paulo -Brazil, being released data from the established results of chemical analysis of raw materials (kaolin residue), taking into account the desired stoichiometry of the mullite (3Al2O3.2SiO2).
Process of forming and firing of the specimens
Formulated ceramic masses, they were mixed in ethyl alcohol (as described in the literature (Chen & Tuan, 2001) ), together with the dispersing agent (PABA) and lubricant (oleic acid) in an alumina ball mill for 2h. After the mixing step, the masses were dried in an oven (110 ° C), unbundle and passed in sieve ABNT Nº. 100 (0.15 mm). Then, the masses were moistened with 8% water, and thus stored for 24 hours for a better distribution of moisture. In step forming was used pressing process where the bodies of the test piece were conformed by uniaxial pressing of 35 MPa and dimensions (50 mm x 8 mm x 6 mm) in a hydraulic press (SCHWING / Siwa). The piece test bodies was dried in an oven at 110 °C for 24 hours and then subjected to the process of burning in a conventional electric oven (Maitec / Flyever / FE 50 rpm) at a temperature ranging from 1400 °C to 1600 °C/2h and heating rate of 5 °C / min in air atmosphere.
Since there is a growing interest in the use of microwave energy for processing materials at high temperatures, the specimens were subjected to sintering process in a domestic microwave oven for comparison. The oven had a frequency of 2.45 GHz, and the specimens were sintered in powers of 80 and 90% (output power of 1.44 kW and 1.62 kW, respectively) and irradiation times ranging from 10, 15, 20 and 25 min. The atmosphere of the microwave www.intechopen.com oven was the air. Figures 3 and 4 show the conventional and microwave oven, respectively, used in burning of the specimens. 
Tests for mineralogical characterization of the specimens
After sintering of the bodies, it was ground in porcelain mortar and sifted through sieve Nº. 200 ABNT (0.074 mm) and then submitted to phase identification, performed by diffraction X-rays, using an apparatus manufactured by Shimadzu, model XRD-6000 with CuKα radiation (40kV/40mA), pertaining to Department of Materials UFCG, the rate of 2°/min from 15° to 60°. The interpretation was performed by comparison with standards contained in Shimadzu software.
The bodies of the test piece were also subjected to microstructural characterization, performed in a scanning electron microscope, Phillips, model XL30FEG from the Department of Materials Engineering, Federal University of Paraíba. First analyzed the fracture surface and then the samples were polished and attacked with HF (10%) to remove the vitreous of the specimens and observed the morphology of mullite grains formed. For these tests, the samples were coated with a gold film using a vacuum evaporator.
Results
Preliminary tests made with the kaolin residue (Castro, 2008) showed that all parameters of the material are dissolved and leached below the standardized (ABNT NBR 10004 (2004)), which fits this residue as the residue class II type B -inert waste. Figure 5 shows the diffractogram of the kaolin residue. From the XRD pattern verified that the kaolin residue has the following mineralogical phases: kaolinite characterized by interplanar distances of 7.07 and 3.56 Å, a small amount of mica characterized by 10.04 and 4.97 Å, and also quartz characterized by 2.66 and 2.08 Å. Figure 6 shows the test results for the particle size distribution of the kaolin residue used in this work. The residue has a particle size of 54.35 m is a relatively broad size distribution, with D10 = 5mm, D50 = 58μm, D90 = 130μm, with a high fraction of particles with equivalent diameter greater than 40μm.
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The chemical composition of the kaolin residue and alumina used in the course of this research is shown in Table 1 .
The development of formulations used in this work was based on chemical analysis of raw materials.
It can be seen from Table 1 that the kaolin residue in its composition showed 52.68% of silicon oxide and 33.57% alumina oxide, therefore, due to high contents of SiO 2 and Al 2 O 3 , used to be used in obtaining mullite.
Alumina has analyzed high purity, 99.8% and was added to the kaolin residue in order to react with the glassy phase formed at high temperatures and thus form the secondary mullite.
The mullite, most commonly produced from the solid state reaction of powdered α-alumina and silica, is the mullite of composition 3:2, according to published data. The mullite present in this composition has been well studied with respect to the method of synthesis, thermal and mechanical properties (Yu et al., 1998) .
Taking into account that the reaction 2SiO 2 • Al 2 O 3 • 2H 2 O + 2Al 2 O 3  3Al 2 O 3 • 2SiO 2 + 2H 2 O occurs by a mixture of kaolinite and alumina during sintering, and assuming that the silica (SiO 2 ) in kaolinite reacts completely with the alumina (Al 2 O 3 ) to form mullite (Chen et al., 2000) , the kaolin residue that showed 52.68% of SiO 2 , requires an excess of alumina for the reaction with silica, present in the residue, can result in mullite. Compositions were formulated with lower and higher levels of alumina, so that these formulations to stay within the stoichiometry of the mullite to be reached. Analyzing the values in Table 3 , it was found that the percentage of silica are in the range from 20 to 28% and the percentage of alumina in a range from 64 to 75%, indicating that the proportions of the oxides are approaching values for obtaining secondary mullite (3Al2O3. 2SiO2). These proportions of oxides also show that the formulation 2, was very close to the stoichiometry of the mullite to be reached 3:2 (3Al2O3. 2SiO2), the formulation 1 has less alumina and the formulas 3, 4 and 5, present with more alumina, values which grow gradually.
Constituents
Microstructural features of the specimens sintered in a conventional oven
The XRD pattern of samples sintered in conventional oven at temperatures ranging from 1400 to 1600 °C, with a landing-burning 2h, are shown in Figures 7, 8 , 9, 10 and 11 with the formulations 1, 2, 3, 4 and 5, respectively.
Through XRD, in all compositions, observed the presence of the following phases: mullite, quartz, cristobalite and alumina. At the temperature of 1400 °C the crystalline phases observed were mullite, quartz and alumina. At temperatures of 1450 °C to 1550 °C the crystalline phases were mullite, quartz, alumina and cristobalite. The appearance of cristobalite is due to the crystallization of vitreous silica. The intensity of the peaks of quartz and cristobalite, virtually disappear with increasing sintering temperature, while the intensities of the characteristic peaks of mullite increases with increasing sintering temperature. Figs 7 and 8, the which formulations have higher amounts of SiO 2 , show alumina peaks a lesser degree when compared with other compositions, on the other hand the peaks of quartz present with greater intensity. According to Chen et al. (2000) , the addition of Al 2 O 3 can reduce the amount of glassy phase and increase the amount of mullite. This statement was confirmed by XRD patterns of formulations 3, 4 and 5.
For all compositions, observed that in 1600 °C, there was not a complete reaction of mulitization, became evident that even the formulation 2 (stoichiometrically correct) it is necessary a further increase in sintering temperature to occurs a complete mulitization. Observed from the micrographs that the sintering provided the formation of a heterogeneous microstructure characterized by the formation of primary mullite, which is presented in the form of clusters of small crystals; secondary mullite, which is presented in the form of long crystals and the presence pore. The formation of secondary mullite case of transient liquid phase, which happens to precipitation of crystals, ie the added alumina dissolves in the glass phase and mullite is precipitated. At 1500 °C was observed to obtain mullite, indicating that this system is a decrease in the eutectic point, with respect to the phase diagram composed of SiO 2 and Al 2 O 3 . Also in 1500 °C, observed the formation of both the primary mullite, which is presented in the form of clusters of small crystals, while the secondary mullite, is presented in the form of elongated crystals, like needles. The temperature rise from 1500 to 1550 °C provided the formation of a larger amount of secondary mullite and an increase in structure of the grains, making them more elongated, and the more intense the stretch as the temperature increased to 1550 °C. According to Iqbal & Lee (1999) , the higher viscosity of the glassy phase favors the growth of crystals of mullite and also the continued growth in the size of the crystals indicates the possibility of primary mullite transformation of secondary mullite.
Microstructural features of the specimens sintered in a microwave oven
In domestic microwave oven used in the research, it was not possible to determine the temperature of use in the powers used, since it does not have provision for this. The XRD pattern of samples sintered in a microwave oven for 10, 15, 20 and 25 minutes are shown in Figures 18 (a e b) , 19 (a e b), 20 (a e b), 21 (a e b) and 22 (a e b) with the formulations 1, 2 , 3, 4 and 5, respectively. These XRD patterns provide more information about the nature of synthesis from the microwave energy.
From the XRD patterns above can be seen that the formulation 1 (Fig. 17) , subjected to 80% power and irradiation time of 15 min, began to show peaks of mullite into sharper focus when compared with other formulations. This formulation (see Table 3 ) presents a greater amount of SiO 2 , which form in the sintering probably a greater amount of liquid phase, which would imply an acceleration in the reaction of formation of mullite. The formation of mullite was evident when the power used was 90% from 10 min. The peaks also show the presence of quartz and alumina.
Formulation 2 (Fig. 18) , which has chemical composition closer to stoichiometry of mullite, sintered at 90% power and irradiation time of 20 min, presented in a manner relative to the intensity of the peaks, an amount greater formation of mullite, compared to formulation 1. Probably a slightly larger amount of alumina present in this sample, when compared to formulation 1, enabled a greater reaction between alumina and glassy phase for the formation of mullite.
(a) (b) www.intechopen.com (Fig. 19) , with amount of alumina most than formulation 2, did not show the formation of mullite in equal proportions, when compared with formulations 1 and 2 when sintered in the power of 90% and time 20 min, what can this associated with a likely absence of liquid phase. The formulations 4 and 5 had similar behaviors when sintered at a power of 90% and times 20 min. The XRD patterns showed peaks of mullite formation, indicating that there was a reaction between the liquid phase and alumina, and that perhaps this composition range, the reaction went to the side of the eutectic phase diagram of the system Al 2 O 3 -SiO 2 favoring the formation of mullite.
In general, the formulations subjected to 90% power and times of 25 minutes, increased the peaks corresponding to formation of mullite and on the other hand, there was a decrease in the number of peaks of quartz in the amount of alumina peaks.
Analyzing powers and times used, it can be said that the power of 90% and 25 min time favored the formation and growth of the mullite peaks at all compositions, and these processing parameters were still insufficient for a total reaction between alumina and silica to form mullite, since the XRD patterns indicate the presence of quartz and alumina. (2003) in their studies. It was also possible to observe that the formation of secondary mullite occurs from large "gaps" or holes, probably due to the presence of the glassy phase.
By making a comparative analysis of the XRD diffractograms and microstructure by SEM, it was found that the formulations 1 and 2, sintered in the power of 80% and time 20 min, showed peaks of mullite into sharper focus when compared to formulations 3, 4 and 5, noting that the amount of glassy phase present in these formulations, accelerated the reaction sintering with alumina to form mullite. This acceleration may have been caused due to the microwave effect, in which the microwave field results in drivers force that reduce the barriers of reaction very effectively (Panneerselvam & Rao, 2003) . On the other hand, the compositions with larger amounts of alumina needed to be submitted to the power and longer time to show the formation of secondary mullite.
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Comparison of results of the specimens sintered in microwave and conventional oven
From the results obtained by the XRD diffractograms, it was observed that in just 20 min of sintering in a microwave oven, was the formation of secondary mullite. Time of 280 min, for example, were required in conventional sintering, when the temperature was 1400 ° C for the formation of secondary mullite. Ebadzadeh et al. (2009) , stated in his studies that the process with microwave led to reduction 120 °C reduction in sintering temperature of specimens. Panneerselvam & Rao (2003) , stated that the maximum temperature of reaction, in obtaining mullite in a microwave oven was only 1312 °C, which is much lower (300 -400 °C), the temperatures reported in conventional oven . This fact focuses on the possible occurrence of a genuine effect of microwaves. According Panneerselvam & Rao (2003) , the microwave field is very intense in the interfaces, surfaces and cavities during irradiation. The microwave field results in drivers force that reduce the barriers of reaction very effectively. Thus, during the formation of secondary mullite, in particular, the effect of driving force can be responsible for the rapid diffusion of Al +3 ions in layers of SiO 2 .
By comparing the structure microstructure of the sintered samples in a microwave oven (Fig. 22 to 26 ) and in conventional oven (Fig. 12 to 16 ), can be seen that the microwave sintering provided the formation of secondary mullite needles more elongated and intertwined with each other. In all micrographs presented, it was not possible to measure the exact size of grains of single crystals due to aggregation and interconnectivity of the grains of primary and secondary mullite.
Conclusion
It was proved that after the study using kaolin waste in mixtures with alumina, it was concluded that these residues had characteristics suitable for the proposed use.
In this research the formation of secondary mullite is processed very quickly from the microwave, which might make this procedure satisfactory with regard to the economic aspect.
Factors such as power, time and temperature used was insufficient for complete reaction between alumina and silica to form mullite, however, the results indicate that mullite powders with better properties can be obtained from the microwave, the optimization of processing parameters.
Unable to determine the energy used during the reaction between alumina and silica to form mullite, both by microwave and by conventional oven, where such ovens did not have equipment for such analysis.
The results show the importance of studying the kaolin residue in obtaining mullite, conclude that, in addition to existing technical possibilities, one must highlight the socioeconomic viability of the process of obtaining mullite from kaolin residue, where large volumes of this are accumulated indiscriminately.
The recycling of materials, represented here in this research by reusing the kaolin residue, is more than one action to try to save the planet, is one of the most important ways to ensure the development of peoples from the rational use of materials. The technological advancement of our civilization has created a consumer society expanding faster than the planet's resources allow, with our resource and energy needs rising exponentially in the past century. Securing the future of the human race will require an improved understanding of the environment as well as of technological solutions, mindsets and behaviors in line with modes of development that the ecosphere of our planet can support. Some experts see the only solution in a global deflation of the currently unsustainable exploitation of resources. However, sustainable development offers an approach that would be practical to fuse with the managerial strategies and assessment tools for policy and decision makers at the regional planning level. Environmentalists, architects, engineers, policy makers and economists will have to work together in order to ensure that planning and development can meet our society's present needs without compromising the security of future generations.
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